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Abstract

Radia(ion  cl]:ir:lclcriz~ltiotl  data  for Ibc NE] 86 I  6-bit

I]]ic[”()}>l”()ccss()r  fm two manufacturers arc presented. An ap-
proach using an in-circuit clnulalm  (1~1 }) to inlplcment  in-situ

dynalnic biasing and functional Icsling was usd. Test KSLIIIS

showed parametric f’ai lure levels I hat differ by more than a f’klor
o f  ] () hctwccn  dcvicx’s from lw() tll:lllllf:lclLlrel’s. Acce.lcratcd
:lllllt’:llill~:  lllt’;lS LllCll)Cl)t  S ShoW (hat tbC ]I)(C1 lNi LTopl’OCCSSOl”

dots not annca]  significantly until (I1C annealing tenlpcralum is

clcvatcd  10 150 ‘C wbilc the Advanced Micro l)cviccs  (AMI))
device cxhihits II)(Nc  rapid annealing, characteristics. lnlplica-
tions for’ space application and hardness assurance arc dis-
CUSSCd.

IIltrodllctim

Tbc ‘WC 186 is a CMOS llig}~-it)tegt:l(ic)l)  l~)icl[)})rocessc)l.

]:C:ltL1l’eS illCILKiC a l )  RAM l’cflmh conlro]  Llnit, JX)WC1-S:tVC

mode, j)logl”:lll)lll:  tt)lc  intcrrllpl  controller, ~)rogr:lll)lll: iblc.
mclnmy  and peripheral chip sckl logic, and two imlepcndent
I)MA channels. I’hc lntcl WC I X6 tlliclol~toccssol” is manufac-
tured on a 1.5 pm C1l MOS process ]inc. ‘1’his In icroproccssor

was originally intro(iuccd in 1992,  and it is the second gemcra-
lion ofwhat is now a Iargc lamily of X86 (.:1’U’s  that incluctcs the
l’cntium(o  lalnily of processors.

I’hc 8(K I 86 has been used in spacecraft app] i cat ions for
nlany  years [ I ). 11 is the most crilical  parl  of elcctmnic systems
and is used in applications where tbc lnicroprocessor  is conlro-
Iing c(ltllllllltlic:lliotl, altitude control aa(i oti]ct bousekecping
(iulics  of’ lilt spacccraf’[, ]Iccausc of tbc 80(~1  86’s iow cost an(i
lllZltU1’C  (iC\’Clo[)lIICll(  :li toO] al)d }MX)gldlllll)il)g  ba\c, it Colllil)LICS

to be a nlicvqm)rcss(w  of’ cboicc for many space aiq>lications,

l’rcvious Icsls have shown that the r:idia(ion  laiiute  level of’
otbcr lncmbcrs  01 lhc ln(cl Ci’U f’alnily is approximately 15
kra(i(Si)  [2-8]. ‘1’ypically, cxisling  Iota] dose ra(iiation Icsl ciata
is bascci on silnplificd testing approaches (sLIcb as static bias or’
simple clocking arrangclncnts) that cio ml fully cxcrcisc lbc
l~licloj~roccssor.  More comprc}~cnsivc  microprocessor Icsts
with i“unctionai  lcsts invoivc comp]ieatc(i  tcsl setups that are
extremely cmtiy and tilnc consuminp,  [2- I 2].

~hc u,olk dcscri[d  Ill lllis  p;lpcl was  C:llllCd  011( by t h e  Jet ]’lopu!. slor]
I .dmr[ilory,  C81ilornio Ins(i[uk  of “1’cchnology. uadcr conlrnc[ with the
N;i[}onnl A(.tL)I]{ILItICS:IIICl  S]):lccA  (ll~)lr]istli  l(io[l(’oclcQW. ” Wojtifundcd  by
the NASA hlimlclcu([  mu Spwc Rwii;ition t ‘.ft’cck Piogml)) (M SK1~P).

An(]lhcr  limitation of” conven(ionai  microprocessor testing
approactws  is the expensive an(i time consuming (icvelopment
of test vector sets to pcrf[mll functional cilaracterization  tests on
an autotll atic test txiuipll lent. 1 n the current cnvimnmcnl of
highly c{)astraincd  bu(igc(s  an(i limited resources, it is important
to cxplo] c anti develop new, low cm( mc.thds  of generating
radiation test data. la ti]is paper, we introduce a low cost mcthd
for a functional  test by ~!cncrating test vector sequences for in-
situ ciyn:mic opcra(iotl and electrical cilaracterization of a
tllict~)l)t{)cessor  uliiizinf~ an ICll,

Usit Ig an 1[3; to opci ate a micmpmccssor  ciuring mtai ciose
radiation al[ows tllc tcs{ cn~inccr  a much wider cicgrce of
frcc(imn  and control ol ci tbc rnicmproccssor under test than
rnorc conventional n)cti~ods.  The ICI]  gives a user ncady
complctc conlro]  over the. operation of the rnicroprocessm
aiiowing ti]c USCI- to bias and cxercisc a very complicate(i  circuit
in a precise, cost ef’f’cc(ivc manner, This approach couicl easily
bc Utili?t’ci 01) more aciva!K’cci  IIlicrc>}ll{)ccssc)rs such as: 80~~86,
NK4X6  and Pcntium  as 1(~1 is are currently avaiiable for those
II)icrol)tocessors.

l;xpc] ilncnt al Approach

A “[)(1) mom type gamma source (Shcpbcr(i Mcxicl 8 i ) was
usc(i for ail radiation exposures, Al i clcviccs WCIC irra(iiateci
using a ]caci alun~inurn txiuilibrium shield. Calibration was
pcrlorlned using NII)l  I ]orl cbambcrs  with accuracy traceab]c  to
NIS’I’.  1 )OSC rates used for (Ilis series of’ tests ranged from  1() (O
’25 rwl(sl )/s,

A block diagram of t}lc basic setup for the radiation biasing
scilcme Llseci in ti)is wol k is silown  in l;ig, ure 1. ‘J’hc  I(;li  :iaci
associate,i  harciwarr msed for ti~is test cost Icss than $5,000, A
special 900 turn s(~ckct was fabricatc<i so timt lC.li electronics
coLI]d  bc shielded more effectively whi]c  allowing the nlicropr[)-
cessor to bc in tbc Iinc of sight of tbc radiation source. With the
ability to place the ][Yi scar tbc ra(ii ation SOUKC, a capability is
(icvelopml  whereby considerable control over the nlicroproccs-
sor uncict test is avaiiahic for it]-situ  testing. I’ilis  approach
allowed t I Ie lllicro]~r[)ccsit)r” to run almosl any ccxic ncccssary  [O
test all nloduics and units of the device un(ier  test by using a
lcmotc cx)rnputcr  OVCJ  arl 1{ S-232 high-spccci  serial link. Any
register ttlay bc intcrrogatc(i,  tracc(i and controilcci,  Vir(ualiy



.

rmmmm.mm.m.m

D
1

B
I

I , ,,,,.,.
I
h

9 I -
I
I
I
I
E
1
D
lm

+:, .!),,, 1p , . +,1, Ii Ljml1
,,,1 !,,

;, ,,,

,,,,, , ,,, .

1,,1

.,,, , ., ., .,,. .-, . . . . . . . . . .

1

. . . . . . . . . .1— “-‘ ‘“””  “’”:.:,7%.b. I

L_— –
‘“’”@&!&&

1&+!;&r&\.*.

I Oguj-e I. llasic  sclup dia~ram of an 1[3 ~ test approach.

any sequence of codes can bc cxccukxl,  including, flight cocles.
A drawback ofthis approach is Ihat once (1K n~icrqwocessor  fails
f’unclionally.  lhc lC1i becomes inoperable because. the IClj uses
the l~~iclt)j~rt)cessor untie]- tc.st as the systcm controller. Note,
however, that som l[~lis  are dc.signc(i  with two nlicroproccs-
sors,  l’his allows the 1)(1’1’  t{) bc. a second device ancl therefore
avoid the :llolcll~cl~tiol~cct” drawback.

7 ksl Vclticlcs

1 ntcl devices were from a Inilitary  wafer lot t hat were in fad
the actual space flight lot. These dcviccs were Illzltlllf:lctlllc(l 10
military specifications with the exception of l:ldiilti O1l tolerance.
]ncidcntally, Iatcl no tot~gct manufactures the 8(K186 micro-
processors, All ln[cl devices were froln  a die hank. IIowcvcr,
AM I> Lwn(iams [o ]nakc the ‘WC 186 and all AM I> devices LISd

for this test were fabricated with a comnwrcial  CMOS process.
1 ale] dcviccs were packaged in a ccrdmic quad i’lat pack (CYJ1 ‘I’),

while AMII devices were in pl:tstic lcadd chip carr’ier’s  (1’l,CC).

h’lrclriml Iii(tw.r

‘1’wo  ckctrical  bi:ms  were LIscd during radiation: Stalic and
dynalnic.  Slalic bias wits acbicvcd  throu~h t}~c usc of’ specially
fabricald cards that held all inputs and outputs of the device
either at the power  supply voltage (5.() V) or ground, in-situ
dynamic bi:lsing  consisted of running, a sieve profyam,  written
in (~, which locales }wilnc  numbers. IJcviccs rclnai nccl biased a(
all Iilnes during, and al’lci irradiation cxccpt  for shmt t imcs
during mcasurtmlcnl

A4fI~iY111-[’llItI111  (It)d  Ittdialiotl  Scqf/wring

1 )ata were t akcn on the WC186 nlicrcqmccssors  from  the
lnlcl and AMI) using the tcsl sequence thal follows.  ]i]cctrica]
ctl[lr:lctcriztltiot]  tests were pcrlormcd on a }Icwlctl-l)ackard
82(W) digital test system, while the IC1!  was used 10 tcsl
functiuna]ily.  A typical tcs( sequence was Cxu!utcd  as follows:

I ) l’crlorm electrical measurement le.sts using lhc IlP82(K)0

2) Pcrfom  functional test using the I(3L
3) P];tce DIJ’J’  into p]acc for irradiation.
4) Initialize tile futlctional test code and irradiate the I)LJT.
5) M[mi[or the functionality of the I)IJT during irradiation.
6) Alter irradiation, pcrl’orm functional tests with the

1(:1 i.
7) Perform post electrical tests using HPX2000.

]<cpcat s((’ps  ~ thrt~ugh 7 IIntil lhc device exhibits fai]urc or until
the highc~t radiation level dcsird is achievccl.

‘1’cst  Resul ts

The most sensitive.smralnctcts WCIC standby current (Istatic)
and opcl tlti[~g supply cuwcnt (IoP) during  irracli atim. These

currcats  were also the II IOSI  critical parame[crs  in the ac(ual
appl icati(lns because. the system power  module could only pro-
vidc timitcd power to the [~licro}>rocessor. lilectricat nlcasurc-
mcnts  were taken at the following  frequencies: Sta(ic, 10 Mllz.,
12 M}lz i!nd 16MI Iz.. liir,urc 2 s}mws the results fm the late] and
AM I ) l~~lcro]>roccssc)rs. ‘1’hc  dmc rate was 10 rad(Si)/s  and all
devices  were dynamically biased during irradiation.

Thel c is a large difftircncc in radiation performance be-
tween thr late] and Ahll ) processors, The AMI) dcvicc exhibits
a more g, I ac[uai  dc,gt’acl  at ion than does the ]ntcl clcvice. Atthougb
the AM 1 J I~~icr[)l>toccsst}l w:is still functional in the ICll at 1 ()()
krad(Si)i the supply curl’cn( exceeded over 200” mA at 16 MHz,
I’hc maximum ANIIJ specification limit of dynamic supply
current ;it 16 Mllz  is 80 mA and was first exceeded at 30
krad(Si), The 1 ntcl ll~ict-ol~loccss(~r”  excccde.d the maximum
spccific{ltion  ]imit of i ()() n)A at 1() krad(si). ])ynanlic sLlpp]y
current <It 12 Mllz rcachcd a n~aximum of wdl  over 5(K)  n]A at
14 krad(Si)  whclc lhc functional failure was observed. Mccha-
aislns ii~r each type of bchavim will be discussed later in lhc
paper.

11[owl  I’w,hndtic  kiiilm  @ 8 k

Aklll I%rmrtric  F’nihm  @ 3S k

Nu I@wdi(md Iail  on Ah! 1) DC\  ice

(1 20 40 60 80 100

I)osc, krad(Si)

I;igafc2. l’c)uIcrs[]I~plJcLIIIcIIt  tllc:lsLlrc(l a[scvcral ft-cquca-
cics\c’.[-ses closi>f  or[l)rAM I):i[]dll]lcl” tl~ic!c)pr[)ccss[)rs.  NOIC
t h e  Iiwgc diffc[-cncc  in Aiati(m respomc  Mwccn [he Iwo

IIliclf)proccssors.”
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l)iscussicm

l)ifl’crencxs  in fhilurc  mmlc bCIWMW  lIItel and AMII  devices
Ulll]d bccxplaincxl  by a t~lll~lbclo fll~ccl~:it~ist~  ~s. liowcver,  the
large dili’crencc in pcrlmmanm  in the AM1) and late] micmpro-
cessOM improbably daetOgalc and field oxi(lclcak:lge.ll~e.ctla-
nisms. Thclntcldevicc, wilharapici  i[lcrcase irlstt}tl>lycltrrctlt
fOllOwed by functional failure indicates field oxicicleaiqc
mcchanlsln. The currml inctcascd v e r y  r a p i d l y  at abml 8

krad(Si),  and funcliOnal  failure is likely due (0 thr. ltrr~,c tcakage
cllrlct~tf l[)l~~fl  cl(l(~xi~lcit  ~vcrsiol~. [)t~tllc otllc)il:tt~d,tl  ]cAMI)
dcwicc exhibited a slOwet-,  nmrc I:radual  increase in supply
CLII-I”CJII, indkwling a  gale oxide lcakagc  mdmnism [13].

la a(tclitiOn to the pron(~unccd  diflermm  in supply CLlllCllt

dcgradati(m, the l(;li  approach slmwcd that tk AM III ricviccs
would  opcmtc f’unc(ionally at Icvels  d’ 100” krad(,~i).  I’his was

more  tha[]  onc  order of ma~ai[ucie  higher than t}m functional

f:lill]rc lc~cloi’tl  ]cll~tcl(lcviccs. l’cstswith  thclCYl atciif~erent
clink rates slmwcd that clOck frqucncy ilaci little effect On
ra(iiatiOn (icgra(iatiOn. Tests witi~diffcrcnl  instruction sets also
bad iiltlc clfcct On the f’anctiOnal Or parametric faiiurc ICVC1.

There arc several inlplicalions f’m space ap~)licaticm resull-
ing Irwin tilis wink. l~irs(,i’(~rti~clt~(ci  80[Y186,:~j>j~iyil]gthc
actuai 10W d(mc. ralc in tlw  space. cnviror)mcnl  will not improve

tbc raciiatim pcrfrsrmanccof  thcdc.vice bcc:tLlsctiled:ill]:igc  is
sttiblc  forlot~gti  r~~c.l>crio(is.  Ar~r~c:tti  l~gtcst  rcs[llts  sllc)wccltt~t\t

temperatures in excess of 140 ‘C were required 10 cause signifi -
cant anncaiing.  11 isvcry irllllc)rt:\llt t()rl{)tc tll:lttilc rti(lizlti(jrltcst
{ia(a in l~igurc 2 for (he lntcl dcvicc is C1OSC  trt whai may be
cxpcclcd  in a typical space appticaticrn.

“1’hc AMIJ (icvicc appcaIs  to bc a be.tkr cimicc for space
appiicatims,  al ieml frOm  a 10tal (imc irmiiaticsn perspective.
Wilil  tOtai ~imc imrdncss altam( a famr Of lea greater t}lan the
lntcl {icvicc, an(i favorable anncaiing cl-i:rrtlctctistics,  tile AMI)
rllicr(~}lloccssor”  shmi(i pcrfwm tO higher  tOtal dmc icvels when
irl~i(litltc(la ts[~:lcc(  ioscr:ltcs(< ().()1 rad(Si)/s).  CMhc.rreliahility
issues need to bc a(idrcsscd before tim AMIJ cicvicc car] bc trscci
in a space flight applications, l;irst, tile sin.glcevcnl  iatchup
(Slil,)  anti Sl~U thrcshOki  mml bc (iclcrrnincci frsr  tilis (ievicc.
l’ackaging, is aIJ ano(im issLlc as tiw  AMI) prmiuct is currentiy
avaiiablc  only in plas(ic packages, arl(i it is uncicar that AMI)
will nmnuf’aclurc  any parts (CJ meet military class clcctricai
l>c.rf(~rrll;lrlccc  ill\r;lclcristics: lr)(i spcci{lcatiOrls.

Overall, the ILWI results in ti~is pa})cr indicate the cxtrmc
irnpmlancc  Of dOin~ radialiOn 10t acceptance tcstiag Or~ all
c.ornrncrcial (ieviccs, even if the process has shown to bc histori-
cally radial  ion  tolcraat. Total [i(lse.1(~1  ;]cccj>t:lllcetcstit~g  nods

to be pcrf(wrnc(i CVCII thoLrgh a commercial prmiac! is being

]nanufacturc~i  tO militaly spccificatiOrls as that is nO indicaticm
Ofra(iiatiorl pcrfOrttlartce

Smnmry

l(~r~i~ir~g  r:lciiati()l~ (i:~t:i ()lltlle AMIJ:lr~d  lntcI8()Cl86  16-
bit n~icrqmccssol  has becll cwnpietcd using acmteffectivelCll
testing apimach.  I<a(iiziti(tn  respcmse  between rnanufactmwrs
m+~ssl][)w\~t  ()(liffcri ~yrrl(Jlc tt~ar~~if  actc)r{>ftct~.  Anncaiing  test
results were prcsrmtcxi  which simwc(i  that the ]ntcl device elms
not  anneal significan{iy utltii anneal  tcmpcraturc was cievatcci

to i500[;  AMi)(ic\iccsc xi~ii)itc(tl ~~()rcr  -:\l>i(i: ir~l~c:iiirlg:  irl(ias
suci] wcru rnuci~ I[lwc re$prrnsivc  to (ime rate t h a n  Ibc lnte.]
cicvices. lnad(iiti(m,  ihe furwtirrnai f:iiitlrc ievclsofti~c  AM1)
(it\’ iccs\~c[-c{ JI~c(~l(iel (~l`lll:~gt~itllcic  gle:ltert l~al]tl~tit( )fdcviccs
f r o m  lnt[i.  lsothcrmai an(i lsocimnai  aancai ciata were pre-
sented fol lntci cicviccs.
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